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INTRODUCTION:  The major molecular marker for epithelial ovarian cancer is the antigen CA125. It 
is now known that CA125 is repeating peptide epitope that is expressed on the very large molecular 
weight mucin MUC16. The major goal of this project was to further understand the structure and 
biology of CA125 (hereafter referred to as MUC16) in order to enhance the capability of the serum 
CA125 test to detect epithelial ovarian cancer and also to understand the role of MUC16 in the 
pathogenesis of this malignancy. For this purpose we proposed to carefully analyze the 
oligosaccharides attached to MUC16 that was isolated from ovarian tumor cells in vitro, from the 
peritoneal fluid of ovarian cancer patients and from the amniotic fluid derived from pregnant women. 
Our hypothesis was that this analysis would help us distinguish between the different isoforms of the 
mucin. In the second and the third specific aims we proposed to study the role of MUC16 in inhibiting 
the innate (Natural killer; NK) cell and adaptive (T-cell) responses. The three specific aims of the 
proposal are listed below.    
Specific Aim 1- Perform glycomic analysis of CA125 derived from cultured cells, ascites of EOC 
patients and human amniotic fluid. 
Specific Aim 2- Determine if cell surface associated CA125 can protect OVCAR-3 cells from NK cell 
mediated cytolytic responses. 
Specific Aim 3- Determine if CA125 can modulate the function of T cells. 
BODY: At the very outset we should state that we have not yet used any funds provided through this 
Department of Defense (DOD) grant. This was primarily because of the delay in acquiring the 
requisite approvals from the Institutional Review Boards of the PI’s institution. The final IRB approvals 
for this study are expected in the first week of August, 2006. Only after that we will start utilizing the 
funds provided through this grant. 
We would like to include here data that we have accumulated to date, using funds from sources other 
than the DOD, that are going to have a significant positive impact on our future studies that will be 
conducted as proposed in this grant. These new advances in our understanding of the structure and 
function of MUC16 are listed below. 
Understanding the structure of MUC16. In order to perform the glycomic analysis of MUC16 from 
different sources it is imperative that we purify this mucin from complex biological fluids. We initially 
used the spent media from the ovarian tumor cell line OVCAR-3 to standardize purification protocols. 
We have now established that purification of the MUC16 can be achieved by serial chromatography 
on Sepharose CL-4B column followed by ion-exchange separation on a Q-Sepharose medium. 
Through all of these studies we have determined that the most highly purified MUC16 sample has a 
specific activity of 2.5X106 U of CA125 per milligram of total protein. Thus in all of our future 
experiments we will only utilize MUC16 samples that have this specific activity before conducting the 
glycomic analysis. This is an important step as it clearly sets the standard for purity that we must 
achieve when we initiate our analysis of MUC16 from the ascites and amniotic fluid samples.  
It should also be noted that we have now set up collaboration with Dr. Lloyd Smith (Department of 
Chemistry, University of Wisconsin-Madison) to conduct proteomic analysis of the MUC16 samples. 
This collaboration with a local research group provides us with a rapid way to obtain very sensitive 
mass spectrometric data on the MUC16 samples that we isolate from ascites and the amniotic fluid 
samples. This data will provide further clarification of the purity of the isolated MUC16 samples. Once 
the purity has been confirmed the samples will be shipped to Dr. Anne Dell’s laboratories at the 
Imperial College, London where the glycomic analysis of MUC16 will be carried out as proposed in 
the grant.  
Another exciting development is that we have obtained approximately 30 different anti-MUC16 
monoclonal antibodies through our collaboration with Neoclone technologies, a biotechnology 
company based in Madison Wisconsin. The access to these antibodies will help us in our quest to 
isolate very pure MUC16 samples in the future. 
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The high molecular weight of MUC16 prevents successful analysis of its size by using conventional 
polyacrylamide gel electrophoresis. We have now developed protocols to successfully analyze 
MUC16 by agarose gel (Fig 1). Using this technique we can demonstrate the differences in the 
mobilities of MUC16 that is shed from the cell (soluble MUC16) and that which is present on the 
ovarian tumor cells. 
All of these new developments give us great confidence in successfully completing the studies 
outlined in the first specific aim of the grant.  
Role of MUC16 in blocking NK cell function. In the preliminary results provided with the grant 
application we demonstrated that soluble MUC16 was a potent inhibitor of NK cell function. A 
manuscript on this topic is now published in the journal Gynecologic Oncology (appendix 1). The 
funding from the DOD has been gratefully acknowledged in this manuscript. 
We have now obtained extensive data that MUC16 coats the immune cells isolated from patients with 
ovarian cancer (Fig. 2). A majority of the NK cells from the peripheral blood and the peritoneal fluid 
carried MUC16 on their surface (data not shown). The immune cells from the patients did not express 
endogenous MUC16 as per our RT-PCR analysis (Fig. 3). This observation has been made with 
immune cells from the peripheral blood and the peritoneal fluid of over 15 patients. Binding of MUC16 
to the NK cell surface is associated with a decrease in the cell surface expression of CD16 and 
NKp46 on these cells (data not shown). Exactly how MUC16 can affect the expression of these 
markers on the NK cells is under extensive investigation in the PI’s laboratory. A manuscript on this 
topic is under construction. The funding from the DOD will be acknowledged in this manuscript. This 
data on the NK cells has been presented at several international level scientific conferences. The 
abstracts for these meetings are included in the appendix. Funds from the DOD were acknowledged 
in these presentations. One of the abstracts was selected for an oral plenary presentation at the 
Society for Gynecologic Oncologists annual meeting in 2005. A second abstract was selected for a 
poster discussion session at the International Society for Biological Therapy meeting in 2005.  
In the second specific aim of the grant we proposed to study the effect of cell surface associated 
MUC16 on the proper functioning of the NK cells. We have now developed an excellent in vitro model 
that will help us immensely in achieving the goals of this specific aim. We have now established that a 
NK cell leukemia cell line, NKL, can selectively lyse a higher proportion of the ovarian tumor cells that 
have been specially engineered to not express MUC16. Matching cell lines that continue to express 
MUC16 are not lysed to the same extent. Although in our initial experiments we utilized only 
microscopic techniques to quantify the killing of the ovarian tumor cells by the NKL cells (Fig. 4), we 
have now developed a flow cytometry based quantitative assay that perfectly corroborates the results 
we obtained in our initial studies (data not shown). We will now extensively utilize this assay to 
achieve the goals of specific aim 2. 
Role of MUC16 on T cells. We have not directly tested he effect of MUC16 on human T cells. 
However we have now obtained data demonstrating that MUC16 can bind to CD209, a receptor on 
the dendritic cells (data not shown). The dendritic cells are very effective in presenting antigens to the 
T cells. It remains to be seen if the binding of MUC16 to the dendritic cells has any effect on antigen 
presentation. The studies proposed for specific aim 3 of the grant will take into account the data on 
the dendritic cells.  
Role of MUC16 in metastasis of ovarian tumors. We are in a very exciting collaboration with Dr. Ira 
Pastan at the National Cancer Institute. Our data suggests that MUC16 plays a major role in 
facilitating the peritoneal metastasis of the ovarian tumors (data not shown). A manuscript on this 
topic has been submitted to the journal Molecular Cancer and the funding from the DOD has been 
acknowledged.    
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RESEARCH ACCOMPLISHMENTS: 
Due to the delay in the initiation of this grant we do not have any major research accomplishments to 
report at this time. The advances we have made in understanding the structure and biology of 
MUC16, which have a significant impact on the proposed studies, are reported above. 

REPORTABLE OUTCOMES: One paper and several abstracts on the studies briefly summarized 
above have been generated. Copies of these materials are provided in the appendix. 

CONCLUSION:  Overall we believe that MUC16 is an extremely important molecule that facilitates 
the pathogenesis of ovarian tumors. Exhaustive studies on the structure and biology of this molecule 
may lead to the development of novel treatment strategies for ovarian cancer.  
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Fig. 1. Western blotting of human MUC16 
electrophoresed by SDS-PAGE (left panel) or on 
agarose gel (right panel). Lane 1 in the right 
panel shows soluble MUC16 and lane 2 is 
MUC16 associated with the OVCAR-3 cell 
surface. Anti-MUC16 antibody VK-8 was used 
for detection. Arrows indicate position of loading 
wells. Double sided arrow shows migration of 
dye front.
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Fig. 1. Western blotting of human MUC16 
electrophoresed by SDS-PAGE (left panel) or on 
agarose gel (right panel). Lane 1 in the right 
panel shows soluble MUC16 and lane 2 is 
MUC16 associated with the OVCAR-3 cell 
surface. Anti-MUC16 antibody VK-8 was used 
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Fig.2. MUC16 is present on the surface of 
lymphocytes of ovarian cancer patients. VK-8 (10) 
was used to detect MUC16 on the peripheral 
blood (PBL) and peritoneal fluid (PFL derived 
lymphocytes by flow cytometry. A FITC labeled 
goat anti-mouse IgG was used as the secondary 
antibody (20).  
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Fig. 3. RT-PCR analysis of MUC16 expression by 
lymphocytes of ovarian cancer patients. Lane 1, 
molecular markers, lanes 2 and 5 actin and 
MUC16 expression in OVCAR-3 cells, and Lanes 3 
and 6 and 4 and 7 show actin and MUC16 
expression in the PBL of two individual ovarian 
cancer patients, respectively. 
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Fig. 4. Increased lysis of MUC16 negative ovarian tumor cells 
by NKL. NKL cells were mixed with adherent OVCAR-3 and 
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Abstract submitted to the Society for Gynecologic Oncology Annual Meeting in 2005 

Selected for Oral Presentation 

Potent Suppression of Natural Killer Cell Response Mediated by the 
Ovarian Tumour Marker CA125 

 
Manish S. Patankar*,1, Jing Yu2, Jamie C. Morrison3, Jennifer A. Hebda1, Frank A. Lattanzio3, Yuping 

Deng2, Nyet Kui Wong4, Howard R. Morris4, Anne Dell4, and Gary F. Clark*,1 

1Department of Obstetrics and Gynecology, University of Wisconsin-Madison, 600 Highland Avenue, 
H4/657, Madison, WI-53792-6188 and 2The Glennan Center for Geriatrics and Gerontology, 
Department of Internal Medicine, and 3Department of Physiological Sciences, Eastern Virginia 
Medical School, 700 Olney Road, Norfolk, VA USA 23501; 4Department of Biological Sciences, 
Imperial College London, SW7 2AZ UK  
Objectives: The identification of the CA125 gene has provided great impetus for functional and 
biochemical characterization of this molecule. We have recently characterized the glycans that are 
expressed on CA125 using ultra-sensitive mass spectrometric analysis. This analysis indicates the 
presence of specific oligosaccharide sequences on CA125 that have previously been associated with 
altering the function of human natural killer (NK) cells. The current study was undertaken to determine 
the ability of CA125 to modulate NK cell mediated cytotoxicity.  
Methods: CA125 was isolated from OVCAR-3 cells. The purity of the CA125 preparation was 
determined by ELISA and by performing mass spectrometric analysis. NK cells were isolated from 
peripheral blood of healthy donors. The NK cells were treated with CA125 and standard cytotoxicity 
assays were performed using 51Cr labeled K562 cells as targets. The expression of cell surface and 
intracellular markers on NK cells was determined by either flow cytometry or western blot analysis.  
Results: CA125 was found to be a potent inhibitor of NK cell mediated cytotoxicity. This suppressive 
effect was observed at CA125 concentrations between 10,000-100,000 U/ml. NK cells derived from 
15 healthy donors when treated with 50,000 U/ml of CA125 were routinely found to exhibit 60-70% 
inhibition of K562 cell lysis. This suppression was found to be independent of the sex or the age of 
the blood donors. CA125 was also a potent inhibitor of Il-2 stimulated NK cells. This inhibition of the 
NK cell function by CA125 was not due to reduced proliferation or apoptosis. Western blot and flow 
cytometry analysis indicated that CA125 did not induce any major changes in the expression of the 
cell signaling molecules p56lck, phospholipase Cγ1, ZAP70 or CD3ζ. CA125 did however induce 
major downregulation of CD16 although no alterations in the expression levels of CD56 and 
CD94/NKG2A were observed.  
Conclusions: To date CA125 has been extensively studied as a marker for epithelial ovarian cancer. 
Our ongoing research and recent work performed by other laboratories highlights the potential 
physiologic role of this mucin. Based on the data presented here, it is likely that the tumor derived 
CA125 acts as a suppressor of the immune response that is directed against the cancer.   (Supported 
by grants to M.S.P. from the Jeffress Trust, Elsa U. Pardee Foundation and the Department of 
Defense).  



 

Abstract submitted to the International Society for Biological Therapy Annual Meeting in 2005 

Selected for Poster Discussion Session 

 

The role of the ovarian tumor marker CA125 (MUC16) in the suppression of human immune responses 
 

Jennifer Belisle1, Jennifer Arens1, Martine Migneault2, Claudine Rancourt2, Mildred Felder1, Joseph Connor1, 
and Manish S. Patankar1 
 
1Department of Obstetrics and Gynecology, University of Wisconsin-Madison, Madison, WI-53792; 
2Department of Microbiology and Infectiology, Universite de Sherbrooke, Sherbrooke, Canada. 
 
The epithelial ovarian cancer (EOC) marker CA125 is a peptide epitope that is expressed on the mucin MUC16. 
Clinical trials are currently underway to determine the efficacy of anti-CA125 immunotherapy for the treatment 
of EOC. Recent identification of the MUC16 gene and our analysis of the oligosaccharides expressed on this 
mucin have provided renewed impetus to investigate its biological role in ovarian tumor progression. While our 
current data suggests that MUC16 may facilitate tumor metastasis, we have also made the observation that 
MUC16-treated peripheral blood NK cells derived from healthy donors exhibit a severe loss of cytotoxic 
function. A similar loss of cytotoxicity versus the erythroleukemia target cell line K562 is seen when IL-2 
stimulated LAK cells and the highly cytotoxic NK cell leukemia cell line NK-92 are incubated with MUC16. 
Loss of cytotoxic function is associated with a significant downregulation of CD16, an activating receptor 
present on NK and LAK cells that binds to the Fc portion of antibodies and mediates antibody dependent cell 
mediated cytotoxicity. MUC16 mediated decrease in CD16 correlates with the significant downregulation of 
this receptor in the NK cells derived from patients with EOC [Lai et al, (1996) Clin. Cancer Res. 2, 161-173]. 
We have confirmed this observation and have further shown that NK cells from patients with EOC also show a 
similar decrease in the expression of NKP46, an activating natural cytotoxicity receptor expressed primarily on 
human NK cells. In this context it is important to note that lymphocytes from EOC patients carry MUC16 on 
their surface. In our on-going studies we are trying to determine if the MUC16 present on the lymphocyte cell 
surface is the result of endogenous production of the mucin by these cells or if MUC16 expressed by the 
ovarian tumor cells specifically binds to the immune cells. Experiments studying the kinetics of MUC16 
mediated inhibition of NK cytotoxicity and CD16 downregulation suggest that these effects are realized only 
after a 72 h incubation of the cells with the mucin. These data are consistent with our recent observation that 
MUC16- clones of the ovarian tumor cell line OVCAR-3 do not exhibit higher susceptibility to NK cell 
mediated lysis in a standard 4h chromium release assay. Overall these observations suggest an important role 
for MUC16 in modulating anti-tumor immune responses and are likely to have considerable impact on our 
understanding of the biology of EOC and the development of immunotherapeutic approaches for the treatment 
of this disease.  



 

Abstracts presented at the Society for Gynecologic Oncology Annual Meeting in 2006 

Both abstract selected for poster presentation 

 

Cell Surface Expression of MUC16 Prevents Effective Lysis of OVCAR-3 Cells by the Natural Killer 
(NK) Cell Leukemia Cell Line, NKL- A Model to Study NK cell Dysfunction in Ovarian Cancer Patients 
 
Jennifer Arens1, Martine Migneault2, Jennifer Belisle1, Claudine Rancourt2, Joseph Connor1, Manish S. 
Patankar1 
 

1Department of Obstetrics and Gynecology, University of Wisconsin-Madison, Madison, WI-53711, 
2Laboratory of Molecular Biology, National Cancer Institute, National Institutes of Health, Bethesda, MD-
28092-4264; 3Department of Microbiology and Infectiology, Universite de Sherbrooke, Sherbrooke, Canada. 
 
Objectives:  MUC16 inhibits the cytolytic function of human NK cells. The NK cells represent only 5-10% of 
the total human lymphocyte population, hence limiting our ability to extensively study the suppressive 
mechanisms evoked by MUC16 in this cell type. Therefore our goal was to utilize the NK leukemia cell line 
NKL to establish a more convenient model to study the effect of MUC16 on NK cells.    
Methods:  OVCAR-3 cells that expressed an intracellular single chain fragment of the anti-CA125 antibody 
VK-8 were produced. Spent media from these cells was tested for the expression of secreted MUC16. Lack of 
cell surface MUC16 in these cells was confirmed by flow cytometry. These MUC16neg and the parental 
OVCAR-3 cells were plated in 24 well plates. To confluent cultures were added the NKL cells. Surviving tumor 
cells and colonies were counted at various time points. The MUC16pos cells that survived this treatment were 
cultured and treated again with the NKL cells. MUC16 expression on the NKL resistant cells was determined 
by flow cytometry.  
Results: The NKL cells are highly cytolytic and were therefore able to kill approximately 70% of the 
MUC16pos OVCAR-3 cells. The surviving 30% cells when washed to remove the NKL cells and cultured 
further in fresh media were not susceptible to lysis by the NKL cells. These cells when analyzed by flow 
cytometry exhibited approximately 20-30% more MUC16 on their cell surface than the NKL-untreated 
OVCAR-3 cells. The NKL cells almost completely lysed the MUC16neg OVCAR-3 cells. The miniscule number 
of MUC16neg cells that did survive this treatment were unable to proliferate upon further culture.  
Conclusions:  The results clearly indicate that high surface expression of MUC16 renders the ovarian tumor 
cells resistant to killing by the NKL cells. This study concurs with our original observation on the suppressive 
effect of MUC16 on human NK cells. The NKL cells can therefore be used as an effective model to study 
MUC16 induced NK cell dysfunction.  
 
 



 

Phenotypic and Functional Analysis of Natural Killer Cells in Patients with Epithelial Ovarian Cancer 
 
Jennifer A. Belisle, Jennifer A. Arens, Mildred R. Felder, Ellen Hartenbach, David Kushner, Joseph P. Connor 
and Manish S. Patankar 
 
Department of Obstetrics and Gynecology, Division of Gynecologic Oncology, University of Wisconsin-
Madison 
 
Objectives:  The ovarian cancer marker MUC16 (CA125) inhibits human natural killer (NK) cell function and 
alters the expression of activating receptors on this cell type. The purpose of this study is to determine if similar 
phenotypic differences are also observed in NK cells derived from the peripheral blood (PB) and peritoneal 
fluid (PF) of patients with epithelial ovarian cancer (EOC).  
Methods: Lymphocytes from the PB (PBL) and PF (PFL) were isolated from patients with advanced stage 
EOC. The cells were labeled with a panel of antibodies against human CD3, CD4, CD8, CD16, CD19, CD45, 
CD56, CD94/NKG2A, and NKp46. The labeled cells were analyzed by multi-color flow cytometry. The 
expression of the cell surface markers was analyzed using FlowJo (Treestar) software.  The MUC16 levels in 
the PB and PF were determined by the clinical assay for CA125. PBL from healthy donors were incubated with 
PF from EOC patients for 72 h, and the phenotypic changes in the NK cells were also monitored by flow 
cytometry.  
Results:  We report a reduced expression of CD16 on the PFL of patients with EOC as compared to PBL of the 
same patients.  Downregulation also occurs with NKp46, which is an activating receptor found on NK cells.  
Furthermore, analysis of healthy donor PBL incubated with PF shows a shift toward the CD16dim/CD56+ 
phenotype, which differs from the CD16+/CD56+ phenotype of NK cells in the peripheral blood of normal 
individuals. 
Conclusions:  Increased downregulation of CD16 and NKp46 in the PFL compared to the PBL of EOC patients 
was observed. PBL from healthy donors when cultured in PF also exhibited a similar decline in the expression 
of these NK cell activation receptors. In in vitro experiments we have shown that MUC16 causes 
downregulation of CD16 on healthy donor derived PBL. The increased downregulation of the NK cell 
activation receptors on the PFL compared to the PBL is congruent with the 10-20-fold higher concentrations of 
MUC16 in the PF as compared to the serum of EOC patients. This observation suggests a direct role for 
MUC16 in modulating NK cell responses.  
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